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-‘gtfgot of ggfterent Leuig Acid catalyata on the Monomer
. '.gaggggvtt; Ratios 1n cqgg_lgcrisation. -

2
by G. G. Ovorbergor, R. J. Ehrig and David Tanner.

ABSTRACT

With the copolymer system styrens, p-chlorostyrene in
solvent mixtures of carbon tetrachloride and nitrobensens,
no difference in monomer reactivity ratios were obtained

_with aluninum broiide, ferrie chloride, titanium tetrachlor-
ide, stannic chloride and titanium tetrachleride-trichloro-

" agetic acid as eatalysts in homogeneous solution. In these
solvent systems with the above catalysts no measurable frag-
ments from the solvent or catalysts were incorporated in
’ihtfftdfyelyttytgnop obtained from styrene alone with the
exseption of aluminum brcnidé in pure nitrobensene as a sol-

| taut and antimony peaiaehlo:ia. 1n a 111 ecarbon tetrachloride

;ri!iucktpt‘la saintinno The insenaitivity of monomer reactivity

' j_";»uﬂn in this onm to clmuo- in dislectric constant and

WS L1 vl e st Sl mal Tl et v o abme b e e b e e
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oatalyst concentration ppeviously noted with a stannic chlor-

ide catalyst vas verified with other catalysts.

In a previous paperé the effect of rcaction conditions
on the monomer reactivity ratios for the copolymerisation of

8 18 the RN T O papers concerned w
donic polyuerisation. ror the second paper, sec C. G.
Overberger, L. H. Arond, D. Tanner, J. J. Taylor and T,
Alfrey, dr., THIS JOURNAL, 7k, L8BLE (1952). A portion of
this work was supported by a contract from the 0Office of
Naval Research.

2) A portion of a thesis submitted by R, J. Ehrig in partial
fulfillment of the requirements for the degree of Master
of Science to the graduate seéhool of the Polytechnic In-
stitute of Brooklyn.
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atyreno and p-chlorostyrene vas 1nves£1gatad‘in order to use
this teochnique to study the mechanism of ion pair addition to
the double bondB; An important variable which was not includ-

¥ X, U. Uverberger, L. He krond, J.J.TayloF, TRIS JOURNAL,
b1 (1951)

X mss R, - "
ed in the previous work is the effect of variation in types

of catalyst. Information of this type was sought in order

to aid in the ilucidgtioa of the mechanism of the propagation

ntcplﬂ Ia addition, it was desirable to determine vhether

ff?! fragments from the catalysts or solvent remained in the

ﬁ#iyunt‘qhata‘afiat purification, This paper roports the
'xnnnaapr‘rcactivity ratios obtaimed for tho system shAywsne-pe

k#‘IOI@tlerQQ in earbon tttrachloridgl nitrobensene mixtures

L tanium tetrachloride,.
s ;gqg ;ﬁ“pa;y !&ﬁ:thlﬂpﬂ&h for forrto chloride, titanium tetra-

I R O N D P



-3e

chloride-trichloroacetic acid and aluminum bromide. Addition-
al data obtained with stannic chloride in pure nitrobenzene and
with aluminum bromide in pure carbon tetrachloride are also
reported. The anomalou§ behavior of antimony pentachloride is

noted,

- ‘EXPERIMENTAL

Solvents and Monomersse

Carbon tetrachloride, nitrobensene, styrene and p-chloro-
styrene were purified as described previouslyB.
Catalysts, -

Stannic chloride was purified and ampules prepared
according to the procedure described previouslyB.

Titanium tetrachloride, C.P., (Eimer and Amend) was
purified in the same manner as the stannic chloride except
that the titanium tetrachloride was refluxed with a small
amount of very fine, pure copper strips to remove the last
traces of light colorh in the titanium tetrachloride. The

ar ur, Mines,Rept.Invest,
k1S3, 19&1; s Cod. hz *2L06 (1948)

titaniuu tetrachloride was distilled under nitrogen and am-
puleb were prepared in a nitrogen atmosphere as previously
described3.> The filled ampules were colorless,

Anhydrous ferric chloride, C.P,, (Eimer and Amend) wag
purified by asublimation in an apparatus similar to that de-
scridbed for the preparation of the Lewis acid by B. R. Tarrs.
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A few minor changes werc necessary. After the apparatus was

%) B. R. Tarr, fnorganic syn.", Vol. 111, Hchaw-HiII Book
Company, Inc., New York, 1950, p. 191.

flame dried, ferric chloride was quickly put into the reaction
chamber. This entire apparatus was then swept with dry nitro-
gen and again flame dried. If any yellow coloration due to
hydration was detected at this stage, the apparatus was dis-
mantled, redried, and a new sample was prepared. Dry chlorine
gas was then allowed to flow into the system by means of a two
way stopcock, The ferric chloride was sublimed directly into
five tubes which were attached in series to a 20 mm. glass
tube. The system was again swept with dry nitrogen and each
tube was removed separately by means of an oxygen flame. The
ocrystals had a reddish brown coloration. The weight of ferric
chloride used in the polymerizations was obtained indirectly
by weighing a bottle before and after the ferric chloride was
transferred from a tube,

8ince the melting point of aluminum bromide is 97°, an
all-glass, steam Jécketed distillation apparatus, similar in
principle to the apparatus used for stanr ¢ chloride3, was
constructed. In this way the solid aluminum bromide could
be purified by distillation and introduced into ampules.

Antimony pentachloride, C.P., (Eimer and Amend) was
first used without purification in exploratory experiments.
Ampules wero prepared in a dry box in an atmosphere of nitro-

gen. The same procedure of filling the ampules was employed
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here as for the titanium tetrachloride, except that the
material wés not distilleé. In some experiments the compound
was distilled but no effect on copolymer composition was de-
tected, b.p. 72°/16 mm, (68'/1h mm.)6.

&) N. V. S1dgwick, "Chemtcal Elemcnts and Their Compounds",
Vol, I, Oxford University Press, Oxford, 1950, p. 794,

Trichloroacetic acid was distilled under reduced press-
ure and ampules wore made using the method employed for the
catalyst ampules., It was necessary, however, to keep the en-
tire apparatus warm to preyent crystaellization before the
ampules were filled., Fivelbatches of ampules were prepared
and melting points of the gamples were taken., The five melt-
ing points hacd a range of 58-59'(59.h')7.

L) Bn a n (] [ ] r083, f ! .

Polymerization Technique.-

The polymerisation technique used throughout was that de-
scribed by reference 3, except for modifications employed with
the use of a dry box. The copolymerizations are now carried
out in an air tight, sheet metal dry box equipped with a glass
window and rubber glove fittings. About 24 hours before each
experiment the dry box containing a calcium chloride dish is
flushed with dry nitrogen. Monomers and solvents are intro-
duoed into the reaction bottles through the manipulation of
soami-micro and automatic burets respectively which are contain-
ed within the box. In this way it 1s possible to maintain a

" oconstant, reproducible atmosphere for each run,
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Where cocatalysts were employcd, the ampules were broken
and the acid dissolved in the solution before the catalyst
was added. In all experimehts except those with antimony
pentachloride and aluminum bromide in l:1 carbon tetrachlor-
ide~-nitrobenzene, the reaction was very fast., Due to the high
dielectric constant of the medium employed, the reaction had
to be stopped as soon as the catalyst was injected into the
monomeric solution. The approximate time of most reactions
was between five and ten seconds except those noted. This
was the length of time requ;red to remove the syringe from
the bottle after adding catalyst, unscrew the cap of the
polymerisation bottle, and bour the solution into methanol,

All of the catalyst ampules were broken up by violent
shaking and dissolved completely in the solvent mixture with
the exception of aluminum bromide in carbon tetrachloride
which remained as a partial solution, |

On injecting aluminum bromide into the monomer mixture
with pure cardbon tetrachloride solvent, in a very short time
the color turned from colorless to light orange to dark
orange to red, ,.. tho solution rapidly became warmer as the
color darkened until boiling was noted. By precipitating the
copolymer instantly after injection of aluminum bromide before
any color change, it was possible to avoid any color change
and heat effect,

Percent conversions were calcylated from the weight of

polymer obtained, The following formula was used in correct-
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ing M, for conversions above 6%.

M, = Mip + M's - m, x conversion

E—————

2

2

where M2 and M', are the corrected and uncorrected values,
respectively, for the mole fraction of monomer 2 in the monomer

mixture and mp is the mole fraction of monomer 2 in the polymer.

RESULTS AND DISCUSSION

Monomer geactivity Ratios.=-

The monomer reactivity ratios obtaincd in the systenm
styrene, pechlorostyrene in the various solvent systems em-
ployed are given in Table I. The experimental data are summar-
ized 1n Table II. With all catalysts, preliminary experiments
were carried out at 25-75 p-chlorostyrene-styrene ratios in
order to obtain information as to reproducibility and an
estimation of the rate. Most of these data are omitted for
brevity but a representative group of experiments is summaris-
ed in Table III. As can be scen, good duplication of copoly-
mer composition was obtained at low conversions, Typical co-
polymer composition curves are given in Mg, I. Since most
of the copolymer composition curves arec similar, they are
omitted for brevity. The heterogeneous aluminum bromide
system in carbon tetréchloride alone gave a small deviation
and is ropresented in Fig. I. From Table I it can be scen
that in all the homogencous systems studied, the variation

in the monomer reactivity ratios is small and within the range
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of exﬁerimental error, The addition of trichloroacetic acid
to titanium tetrachloride as a cocatalyst did not materially
change the monomer reactivity ratios. This system has been
studied by Plesch8 who has shown the cocatalyst'actiﬁity.of
B ¥ PI5sck, J. CRem. 566., BL3 (19507
trichloroacetic acid with;titanium tetrachloride. Thus it

seems certain that in-sblients of'the range of die¢lectric con-

stant employed here, the different anions from the catalyste

cocatalyst fragment does not appear io influence the ratios of

the rates of addition of fhe'ion pairs to the double bonds of the

monomers in hqmq;gneoua“SGlutionf

Florin9 had reported that different Lewis acid catalysts

R

. ~ "* ‘ — - Do i,
for the system styrene, 3,L-dichlorostyrene in carbon tetra-

chloride affected the reactivity ratios markedly and explained
his results with the mechanism proposed for cationic catalyzed
polymerisation reported by Fontana and Kidderlo for propylene

in propane at low temperatures with an aluminum bromide-hydrogen

bromide catalyst system., However, with the exception of stannie

- W, Yontahs and 0. k. T, X
chloride, his reported polymerizations werc heterogeneous and
his vaziations may be due to catalytic surface effocts., It
is entirely possible, however; that his aystem did show some
variation due to the greater differencs in rcactivity between
monomers of his pair.

It is again noted3 that variation in diclectric constant
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from about 2,8 to 30 with a stannic chloride catalyst,
Table I, footnote ¢, does not affect the monomer reactivity
ratios., Values obtained in nitrobenzene are reported hers.
Likewise with titanium tetrachloride and aluminum bromide
as catalysts, no variati@n'in ry and rp is noted on change
of dieclectric constant in this system (Table I). Previouslyz,
it had been demonstrated that a change in concentration of
gstanni¢ chloride from O.é to 2 mol percent in the system p-
chlorostyrene- X-methylstyrene in carbon tetrachloricde did
not result in any change in copolymer composition. In Table
I, data are prescnted to show that variation in titanium
tetrachloride concentration from l tc 3 mol percent in the
gyrene-p-chlorostyrene system in a 1l:l carbon tetrachloride-~
nitrobengene solution gave no variation in copolymer compos-
ition,

The reactivity ratios and their probable errors were ob-

tained by the usec of a previously described procedurelr,

ITy &, 1. KiTFey,a. Goldberg and W.P.Hohcnsteln,lb1d, 68,200k
(1946). -
bs "Copolymerization" by T.Alfrey, J.J.Bohrer and H.
Mark,Interscicnce Publishers,Inc., New York, 1952,

Catalyst or Solvent Fragments,-

Control experiments using only polystyrcne were carofully
precipitated‘and purified. In no experiment with any of the
solvent systems described in Table I, with ferric chloride,
titanium tetrachloride, titanium tetrachloride-trichloroacetic

acid and stannioc chloride were any traces of chlorine or nitro-
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gen detected in the polymers either by gravimetric analysis
or infrared analysisla. The infrared spectra were not entirely

TZ) We dr¢ grateYul to Mr, Jerard Endres, one OF Our Eroup,
for infrared data on many samples of polystyrene prepar-
ed with stannic chloride as a catalyst.

woer

satisfactory as negative evidence; 'however, coupled with the

gravimetric results theyfindicated the absence of any measur-

able solvggt or catalystkgrgﬁgents in the polymer, Usually

from 3 to 5 control polyﬁers were subjected to rigorous purifi-

cation and acrutinyla.

e metho chilorine analysis employe . er
is described by Pregyl and Roth,"Quantitative Crganische
-Mikroanalyse", Springer, 5th Edition, page 118. A sample
of pure p-chlorostyrene gave a chlorine value of 25.40%;
caled. 25.58%. A sample of polystyrene prepared by
catalysis with 2,2-azosbis-isobutyronitrile in carbon
tetrachloride gave values for chlorine of 0,52% and 0,45%

showing good reproducibility with small quantities of chlor-

ine present. Samples of polystyrones prepared in bulk with
bengoyl peroxide show the absence of any chlorine by this
procedure as did all control experiments reported here with

ionic catalysis. 1In this vork alone we have had 24 analyses
carried out in duplicate with surprisingly little variation,

Dr. Ritter has informed us that he considers the method to
have a range of accuracy of & 0,2 ¢ 0,3 on these polymers.
Larger samples are employed with these polymers than is
usuwal for 1ncreag%g accuracy,

e

Thus, the copolymer compositions determined are not sube
Ject to errors duc to incorporation of catalyst or solvent frag-
ments., It is always possible that some termination may occur
from the anionic cocatalyst fragmont containing the metal by
formation of an organo metallic bond which is hydrolyszed by
precipitation with the polar solvent but this is unlikely.
Numbor average moleoular weights and kinetic evidence obtain-

ed in this laboratory further substantiate this conclusion,
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Plesch has reported that the trichloroacetic acid fragment
is found in the polymer when isobutylene is polymerized
in hexane solution at -70° with a titanium tetrachloride-
trichloroacetic acid catalyst (his poiymers were precipitat-
ed in hexane and ethyl alcohol as solvents),

Iﬁe behavior of antimony pentachloride is interesting.
Here chlorine is introduced into the polymer in a 1:1 carbon
tetrachloride~-nitrobenzene solution confirming an earlier

1l

observation of Williams who found that antimony pentachlor-

TLT C. Williams, J. CRGd. 50C., 170 (L9LOJ.

ide when used as a catalyst for the polymerization of styrene

in carbon tetrachloricde appeared to act as a2 chlorinating
agent., Determination of the monomer reactivity ratios for
the styrene p-chlorostyrene system with antimony pentachlor-
ide in the solvent system indicated gave values of ri, 1.7 &
023 ¥y, 0¢55 £ 0.05 as a result of additional chlorine be-
ing added to the polymer.

Colclough15 has reported that no catalyst fragment con-

taining antimony remains attached to the polymer chain when

- e

styrene is polymerised in nitrobenzene with radiocactive

antimony contained in an antimony pentachloride catalyst,

Landler16 likewise has demonstrated that polystyrene prepared

Ia, !Q :sua!e!, !03. ‘5‘&3. aﬁeio .~m’. 992 !I’E;).
R g au
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in nitrobenzene solution with radiocactive stannic bromide
contains no bromine or radiocactivity.

Preliminary experiments with silver nitrate in benzene-
alcohol solutions with polystyrene, a copolymer of styrenev
and pe-chlorostyrene, and the pclymers prepared with an
antinony pentachloride catalyst indicate that the aliphatic

chloride structurc is present.
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TABLE I

Effcct of Variant Catalysts on Monomer Reactivity Ratios?

Catalzatb Reaction Mecium T orl r2

sncy),° nitrobenzene 2.2 % 0,2 0.L5 ¢ 0.02

TiCl), nitroboenzene 2.2 ¢ 0.2 0.45 # 0.02

AlBr3 nitrobenzene ' 2,3 &£ 0.4 0.36 &£ 0.05

TiCl), nitrobenzene-carbon 2,2 + 0,2 0,45 % 0.02
tetrachloride(1:1) .

MBry nitrobenzenc-carbon 2,0 £ 0.2 0.34h &£ 0.05
tetrachloride(l:1) 4 ‘

SbClg " 1.7 £ 0,2 0.55 £ 0.05

FoCl, nitrobensene-carbon 2,0 # 0,1 0.43 % 0.03
tetrachloricde(l:h)

T401),-CC13C00H® nitrobenscne-carbon 2.0 & 0.l 0.50 % 0.05
tetrachloride '

AlBrq carbon tetrachloride 1.51g 0,05 0.40 £ 0,02

a) All experiments carried out with styrene (My) and p-chloro-
styrene (Mz) monomer mixtures. b) Concentration of catalysts was
1% based on monomers. ¢) Proviously reported results3 in 5050
earbon totrachloride-nitrobenscne mixture; 0.5% stannic chloride
bascd on monomers r1-2.10 & 0.2 rz-b.BS‘& 0.02; in pure carbon
tetrachloride as solvent; 2§ stannic chloride based on monomers;
ry°2.5 & 0.l rp=0,30 &£ 0.03. d) 1%- 0.5% catalyst-cocatalyst

concentration respactively, based on monomers.
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TABLE I

Copolymerization of Styrene (M;) with p-Chlorostyrene (M) with
Different Lewis Acidsd

¥y in monomer mixture® Conversion § c1,%d m2

Stannic Chloride®

0.243 7 4L.30 0,132
. 395 3 7.31 0232
197 3 9.47 . 307
. 600 2 12.21 .Lo8
.693 l 1k4.U48 L96
. 799 13 18,37 . 657

Titanium Tetrachloride®
.506 16 10.50 345
613 L 12,84 132
69 9 14.83 .510
791 9 18,18 .65
.252 20 k.63 .1L43
LU27 34 8.30 266
«517 36 10,66 .351
Aluminum Bromideb

0,201 8 2.79 0.085
250 16 L.71 <140
«Li08 36 8.37 . 268
A3l 39 7.56 «2U40
515 36 9.L8 . 308
..682 28 12, 8L ~h431

 ..658 2k 13,25 AN
699 16 14.73 . 505
..700 . 20 15,85 .550
197 ' 10 15,65 .5L5

.800 20 18.65 « 670
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TABLE II (continued)

¢ Conversion %

002i8 ’

0323
LS5
«530
. 622
«T15
.822
.90
.702%
19f

0.207
. 257
407
. 500
. 628
«698
796

0.205
«323
«393
493
. 602
677
.793
+896

0.2h4l
<398
«503
S94
. 698
«796

c1,%9

Titanium Tetrachloridee

25
12

1

L N o ~alle X o Yo N0

e
AYuminum Bromide

10
13
10

O\~ OO

Ferric chloridee

2,64

5.91

8.52
10.72
11,63
15.31
17.87
21.51
15.16
17.09

4,02
5.98
7.02
9.97
12.65
14.82
17.10
20,88

m2

0,080
.18
.27
+351
. 385
.532
. 638
.805
.526
. 605

0,118
143
. 2lb
323
b33
L98
. 605

0.123
.188
»222
. 326
.h2l
.513
.« 607
176

Titanium Tetraohlowide-Trichloroacetic Acid®

S oE -~

h-'15
7663
10.58
13,08
16,02
17.80

0,128
.2L3
«3L9
o lslbs
563
636
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TABLE II (Continued)

M, in monomer mi xture® Conversion ¥ c1, gd my
Lluminum Bromidel
00199 1L k. 38 0.134
246 16 5.45 .169
JL01 10 8.68 .278
«500 12 10.94 . 358
634 9 13.9hL YN

a) All experiments carried out at 0°C. b) In pure nitrobenzene
as solvent; 1;0% catalyst concentration based on monomers. ¢c) Cor-
rected for finite conversions. d) Analyses by Dr. K. Ritter, Zur-
ich, Switzerland. e) In a }:1 carbon tetrachloride-nitrobecnzene
mixture a§ a solvent; 1,0f catalyst concentration based on mono-
mers. f) In a l:l carbon tetrachloride-nitrobenzene mixture as

a solvent; 3.0% §ata1yst concentration based on monomers. g) In

a l:4 nitrodbensene-carbon tetrachloride mixture as a solvent;

1.0% éatalyst concentration based on monomers. h) In a 1k
nitrobohzene-carhon tetrachloride mixture as a solvent; 1.0%,
0.5% catalyst-cocatalyst concentration respectively, Lased on
monomurs, 1) In pure carbon tetrachloride as solvent; 1¢

catalyst concentration bascd on monomers,
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TABLE II1

Reproducibility of Copolymerization Experimentsl. Styrene

(#,) 75 mole%; p-Chlorostyrene (M), 25 mole%

Solvent Catalyst #Conversion %Chlorineh my,mole¥
pgro, sncl, 18 L.91 0.15
gNo, A1Brj 16 k.72 .15
¢N02/cc1h2 sncl 12 | LoL6 1k
gNog/cel) AlBr, 13 L.66 o1k
CCl, sncl) 1k L.13 .13
TR AlBry 16 5,145 17

1) sSimilar data were obtained for the other catalyst systems;
2) A 1:1 solutionj 3) Hetorogencous solutiony L) Analyses
by Dr. K. Ritter, Zurich, Switzcrland.



Pig. 1. Copolymerisation of styrene (M;) with
p-chlorostyrene (M2); 0, 1% ferric
chloride in l:4 nitrobengsene-carbon
tetrachloride. 0, 1% aluminum bromide
in carbon tetrachloride.,
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